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of fl~mrescent u r a t i c  roleculer at liquid air tamperahre we h . 0  w c c d d  in 

establisbiq tbe phavrramog of m i t i s a d  excitotien of a m  copaamd of tb. 

such u 8peetrrP B for example. 'Ih. i 8  de i fa ik ly  net w o r l a m  by th. 

of th. A wlocules cannot be oxcited. But in tbe pres.nce of coppaepd B, rhicb is 

c a w l o  of abrorbbg an exciting light, a 1 l a i ~ o s i t y  (ghosphororcence) of long 

duration erigipatisg frcm tho motrutable, that i a  tho triplet l m l *  of molecule A, 

emerges ia the A + B drkut. That level l ies lanr tha the (fluorescent) 

*Altheugh tb. concept of the triplet-biradical origin e? tB, meta8kble level 
vas rtrbstantiated m e  o? auaors (A. I. Terenin) back in 1943 (3)  to 
counteract the hypethetical wtautoeer" of the molecule introduced ReBh a d  
Livingston (4), one yoar beiore Lewis .ad K u b  (S),  the receritly published book 
Th. Forstcr: Fluorescans Orgaaischer Verbindtmgen, 1951, (p. 227), in  outright 
contradiction to the facts, credits A. N. Terenin vith tho defense (1) of t2u 
Rank and Livingstam coeeept vhich he had repeatedly opposed ia the press (3  4 
6 ) .  
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singlmt level of molecule A, and is in U s  case accessible to excitsticm by way 

of sn energy transfer fioa the molecules B which are initially excitable by light. 

'Iht ebmrdescribed phenomeaon was first detected in the fdioving m i d a r e :  

If f o l l m  from Fig. 1 that the b e d d e h y d e  nsphtdene (A) + b e d d e h y d e  (B), 

absorptioa rrpectrpl shifted a cwmiderable distance tarud the long w8-s from fb8 

beg idng  of the staphtaleme absorptieap spectrrr+, 

of a troxen lsgcr or solution of naphtdhe alone by a filter& radietien o t  

~ 6 3  i (1) revealed It0 emiasioa in *e dtrrrriolet v i s i ~ .  regions. ~h. 

In line w i t h  t h i s ,  tbs excitation 

addition of e d l  quantity of benzaldehyde, havaper, is followed by the appesrance 

of a characteristic visible 8pecfnm of naphthalene phoarphorescencc. Sham in Fig. 2 

(see inset on p. 640) h o t  supplied to #e tnnslatorJ ere fie pimtogra- oi *e 

afterglav spectra (1). A coprpar1son of tho frequencies of the afbrglw bandr yo 

observed w i t h  the long boun phorphorr~cent prphthalenc spectra at liquid air 

temperature is shswa in Table 1, 

Fig. 1. Absorption apecfra: ldenddehyde dissolved in a pentane propane 
mixture et  -1800 ( 9 )  (becruse of the lack of information, the height of the 
bends is arbitrary a d  obviously aodtretated); 2-benzaldehyde in ethanol at 
+ ZOO (IO); Ectiaphesyl in an ethanolmethanol mixture at -IW (11); 6- 
naphtalene i n  an ethanol-methaool mixture at -l8O0(7, 11); 5-benzophm Ln 
e#enaf at + 200. 

* According t o  L. A, Blumenfel'd [?Ir t h e  extreme long-wave band o the 
absorption spectrum of a naphthalene solution in ethanol is at 3270 i ,  a d  
i s  considerably weakened at  a lower temperature. 



We haw ebsemd euch .a eiiect of phusphorescence senaibi l ipt iaa  in ths 

case of th. follevbg pairs of substame& i~ which #e first is P cslpornd primarily 

excitsble by light 9d absorbing a rrrdiatiaa of 3663 i: 
(pig. 2, see inset on p. W), benmphenerie' 4 naphtalene md benxopkneme' + 

I 

benddehyde"+ diphenyl 

diph-1. 

excitable b e a d d w e  level vbieh emit8 its charsckrisfic speefrrr (2) is 

lacated rt an dtitid. of 25,200 em-', a t  is himr thpn tbe triplet level8 ei 

nrphtalmo (21,300 m-l) epil aiphenyl (22,800 ea'-') (8, 5). 'Ilho excited as -11 

as the triplet lffel of baruaph.nens (24,400 u") ( 5 )  is hiacr than tdm triplet 

levels of ~sphthrlrns and diphenyl. 

Judgi~g by the very shortwave bold of the glow spectrple, t&e l i g h t  

=e possible expl-ti- of #e shifting luphthaleme rbaorption spectra am3 

other A ccrponsnfr in tbe lomg-wave directioa as a rewlt of the usociation w i t h  

tbe added seead c- B ( b e d d w e ,  etc.) is tontr&efcd by the toincidemce 

w i t h  it. ordinary phospho~scenct spcetrcp. (see Table 1) .  Ru-theruere, t h i s  

phenomenon does not occur in  th. case of added polar m o l d e a  caprble of a higher 

degree of associatien than btnsnldebyde or benzophenone but not possessing aa 

absorption spctnm ia the regioa ai exciting radiation 3663 1, an for example: 

bencoic wid,  rsetaldehyde, formaldehyde, bensoaritrile, diph 

end nitrebeasem. 

&e, formanide "r 
None of these in carbht ioa  w i t h  naphthaline Bad the effect 

produced by bslurldehyde nxul bemsopbenone. 

'Ib. CFOving iatensity of the aensitised IurPhfhalsme ~aiphorescence, depcldiaat 

on ik canearrtratian Sa e mixod beddehyde  + nrrpbthdeme 8olutian, w i t h  a constant 

cancentrsfior of bensildebyde 4 loo2 ntole/lifcr, i s  linear in nature (see Pig. 3 r ) .  

m e  chsagiag range of the aapbthslma concentration wag b e h e n  5 loo3 ami 

8 lo"* mole/fikr. ShOM in Fig. 3s also for tbe &xed benzaldehyde + diphenyl 

8olution is the relationship between the diphenyl phosphoresamce intensity 

3 



. 
N a p h W a a e  phusphorescence spectrum (in amo1) 

Band No. 0 1 2 3 4 5 6 

According to b l d -  21240 20700 19800 19600 18525 16950 15830 
shteyn ( 8 )  19325 1835s 15400 

Fig. 3b ahom that the increaaiag concontratian of naphthalene to  a level 

qprm.hately above IO’* mole/liter r e s u l k  in the diminishing intensity of 

btnuldehyde emiuaioa (rbich hsd a constat concentration of 4 lo-* mole/liter), 

censiamt excitatiaer without a phosphorescope (M obsernd through crossed light 

filkrs) are ipdicated by cross ehedrs. 7&8 dotted curve drawn fhrorrgh fbsr Can 

be described by the farmla I t Io (1 - (c in the naphthalene concentration, 

rrvl b the eslpirical carutant) which is dducod free the cumaptien of the 

proportionality between tba excited bensaldeme molecules, which bad trsBsierred 

their energy to fh. arphtbrlmw mlaeples, md tk carrcantration o? the latter. 

1RH nductiosr o? the bemaldehyda phosphorescence iatennity fer a later stage of 

attaraprtian, obfriaad by tho 0.0 of a elow phosphororcape, is iadicated by circles 

and a solid e m .  

In the physical attenrutioa precesses, I&e reduction in the Itdmesceiw2. 

yield should be accompanied by a parollel reduction in lifetiae ?of the excited 

la3lsdes. 

cepce durafioa of the energy donor, btnddehyde, revealed that t h n o f  the latter 

Phe P U I W ~ ~ ~  mecrstrteaeata of tbe naphthalane effect on the phosphorer- 

4 



c 

U 

time w i t h  a fast p&osp&eroscope fielded stme valuer Ust can easily be plottod an 

proportionrl to the muber of excitod molecules of the energg doaor, thnt is 

bmualdebyde. A coacon~ra~ion of tb. lrtter OSI the order of 10.' sole/liter 

pradnces a eaaplete rbserpfien of the excitisg light, ud the number of its I r o l d e a  

5 



by the fact that the Ghangt frop there to t&e triplet lml is very rapid, (UI i a  

the case w i t h  dircewl phospheresetptc in  vapor (13). 

W e  hw ostrblidwd the transfer of mhrgg frm tbe light-excited 

of tho latter to a tr ip le t  1.nl. 

fleoremcmcc a d  p&o~~phorescepce of dyestuffs, M wll as *0  lwk of a dilinrrtias 

in the polarivtion i n  the course of tbe phosphOrescence attenuation, hewe prcmptod 

P. P. Peof i lm t o  -8-e that it is h~0881blh  to transfer the energy irrm a 

mtastable molecule to anofher one of the .sole type, im its basic state (14). 

Otb.r auU~or8 (15), huuever, ham found that lifetime of pborphorescont 
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molecules is rtdnced by aa iacrease in their comcentrstion, vhich suggests *e 

possibility of such so energg transfor. This problaa calls for a turttbsr study. 

mtnitted on 
3 lhy 1952. 
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